Dedicated to Professor F. Bohlmann on the occasion o f his 65th birthday B iotransform ation, Sesquiterpene, H um ulene, Enantioselectivity, Kinetic Resolution H um ulene was transform ed by strains of Chaetomium cochlioides and Diplodia gossypina ATCC 10936 affording 33 new hum ulanes. The first step is a non-enantioselective epoxidation of the 1,2-double bond, whereas the subsequent hydroxylations were perform ed preferably at the lR ,2R -epoxide. To proof these results the anti-1,2;8,9-diepoxide was synthesized and used as substrate. While the lR ,2R ,8S,9S-antipode of this diepoxide was hydroxylated the other one was recovered unchanged. Diplodia gossypina A TCC 10936 gave the same products but differing in relative and absolute configurations.
Introduction
To date some thousands sesquiterpenes are known from a broad range of sources. Many of them are biologically active com pounds. Syntheses of new ses quiterpenes for pharmaceutical screening are every time consuming and therefore uneconom ical. Here biotransformations are advantageous because unexpensive and readily available starting materials can be converted to chiral products, enriched in one enantiom er or even being optically pure.
Previous attempts to convert sesquiterpene hydro carbons were not very successful because of low yields. In 1962 Prema and Bhattacharyya [1] re ported on the biotransformation of hum ulene with Aspergillus niger. They isolated an alcohol of un known structure in very low yield, probably an arti fact. In 1978 D evi [2] grew a strain of Pseudom onas cruciviae, isolated by enrichment cultures, on caryophyllene as sole carbon source. The structure of the isolated hydroxyketone of caryophyllene was eluci dated mainly by its infrared spectrum. R ecently we reported on the biotransformation of isolongifolene [3] and we now present the results o f the transforma tion o f humulene which gave products from m oder ate to good yields. Extraction and purification: Culture medium and mycelia were separated by filtration and both ex tracted three times with ethylacetate. The solvent was evaporated and the crude extract separated on Si-60 columns with a n-hexane/ethylacetate gradient (changing from 19:1 to 1:1). When necessary the col lected fractions were purified further by preparative TLC.
Instruments used: NMR: The L H NM R spectra were obtained at 400 MHz on a Bruker WM 400 spectrometer and the I3C NM R spectra at 75. Preparation of am/-l,2-;8,9-diepoxy-humulene 28: 1.5 g humulene were solved in 100 ml dried chloro form, cooled to 0 °C, and stirred. To this solution 2.5 g ra-chloro-perbenzoic acid (90% peracid) solved in 50 ml chloroform was dropped during 1 h. Then the solution was stirred for another 23 h. After filtra tion the solution was washed twice with saturated sodium hydrogen carbonate and twice with water, The only exception from this rule is the hydroxy group at C -l l. H ere it depends on the epoxy group having always the anft-configuration relative to the methyl group at C-2. This result is plausible because of the proximity o f the epoxide.
Both strains produced the 1,2-epoxy-hum ulene-10,13-diol (21). The relative configuration of this com pound was derived by 'H N M R using the N O E difference technique. The absolute configuration was then determ ined by H oreau's m ethod [6] . To test the influence of the primary alcohol group on the result of the H oreau experim ent, com pound 13 was also subjected to this procedure and gave an optical yield of only 1.7% whereas 21 gave 22.5% , so the influ ence of the primary alcohol on the result is negli gible. The absolute configuration determined by H oreau's m ethod was adopted from the relative con figurations determ ined by N O E experim ents for all other com pounds.
The isolated am ounts of hydroxylated products re flect the enantioselectivity of the enzym es involved in the hydroxylation. Both strains form the enantiomers o f the 1,2-epoxide in a lR :lS -ra tio of almost 1:1. If the DSM -strain is used in the oxidation the ratio o f the two resulting l,2-epoxy-hum ulen-7-ols 16 and 10 is 1.8:1 and that of the 1,2-epoxy-hum ulene-13-ols 13 and 8 is 4.4:1. In the biotransformation with the ATCC-strain the lS-com pound was not detected, so the lR :lS -ra tio here is better than 45:1. The situa tion is even more pronounced for the main product o f the biotransformation of hum ulene, viz. for 1,2-epoxy-hum ulene-10,13-diol 21. Both strains produce only the lR ,2R -com pou n d and the ratio of the 1,2-epimers is better than 166:1. The formation of the diepoxides is not very stereoselective, but hydroxyla tion of these com pounds displayed a good enantio selectivity.
To test our results we synthesized the anti-di epoxide of hum ulene. The biotransformation of the racemic anr/-l,2;8,9-diepoxy-hum ulene (28) gave hy droxylation products in good yields. Better solubility o f the substrate in water is the presumable cause that the fermentation proceeded much faster and gave better yields. W e recovered unreacted anft'-l,2;8,9-diepoxide which exhibited an optical rotation o f a D +77.3°. Using the work of Damodaran and D ev [5] we determined the absolute configuration o f this compound to be 1S,2S,8R ,9R . A s expected only the lR ,2R ,8S,9S-enantiom er was accepted by the en zymes while the antipode remained unchanged. This is a way to resolve the racemate especially because the optical rotation of the isolated product is about 50 times higher than reported by Damodaran and D ev. A nother confirmation of this result is the fact that only small quantities o f this antipode was hy droxylated at C-13 while hydroxylation of the other compound leads to 29 as the main product of this transformation.
These experim ents solved another problem . We isolated som e com pounds with a hydroxyl vicinal to an epoxide group. It was not clear whether this hy droxylation occurred before or after epoxidation. Using the diepoxides we also obtained these vicinal hydroxylation products which in this case could be formed only after epoxidation.
To proof whether these results are lim ited to Chaetomium cochlioides only, we selected D iplodia gossypina ATC C 10936 from our screen. This strain also attacked hum ulene but in lower yields. Again the racemic 1,2-epoxide is formed which is further hydroxylated at C-13. The sign of the optical rotation o f this com pound is reversed relative to the product from Chaetomium cochlioides, so the enantiom er 39 is formed. A s in the case of the former microorgan ism, this com pound is further oxidized at C-10. Here the configuration is not reversed with respect to Chaetomium cochlioides, so the substance is (lS,2S,6S,10R )-l,2-epoxy-hu m ulene-10,13-diol 38.
Discussion
Our results reveal that Chaetomium cochlioides hydroxylates hum ulene to give 7S -, 10 R-, 12-, and 13-alcohols. The 11-hydroxylation is controlled by the configuration of the 1,2-epoxide, so the lS -ep oxide led to the 11R-and the 1 R -epoxide to the 11S-alcohol.
While the primary attack o f humulene leads to a racemic epoxide the following reactions select one of the antipode for hydroxylation. These findings were further proofed by the transformation of the anti-1,2; 8,9-diepoxide. H ere the unreacted starting material showed the expected absolute configuration. Dip lo d ia gossypina gave products of different relative and absolute configuration. With these findings it is possible to use these strains for similar transforma tions of different substrates. The biotransformation here gave 38 different products som e in m oderate yields which are in tests for their biological activities. 33 of them have never been described before. W hereever possible 13C NM R data were measured giving references for further humulanes which will be isolated in the future.
